Hammering test is widely used to inspect the defects in concrete structures. However, this method has a major difficulty in inspect at high-places, such as a tunnel ceiling or a bridge girder. Moreover, its detection accuracy is dependent on a tester's experience. Therefore, we study about the non-contact acoustic inspection method of the concrete structure using the air borne sound wave and a laser Doppler vibrometer. In this method, the concrete surface is excited by air-borne sound wave emitted with a long range acoustic device (LRAD), and the vibration velocity on the concrete surface is measured by a laser Doppler vibrometer. A defect part is detected by the same flexural resonance as the hammer method. It is already shown clearly that detection of a defect can be performed from a long distance of 5 m or more using a concrete test object. Moreover, it is shown that a real concrete structure can also be applied. However, when the conventional LRAD was used as a sound source, there were problems, such as restrictions of a measurement angle and the surrounding noise. In order to solve these problems, basic examination which used the strong ultrasonic wave sound source was carried out. In the experiment, the concrete test object which includes an imitation defect from 5-m distance was used. From the experimental result, when the ultrasonic sound source was used, restrictions of a measurement angle become less severe and it was shown that circumference noise also falls dramatically.
Introduction
The hammer method is still used for the non-destructive test of the concrete structures. However, difficulty had followed on the inspection of the high place so that it might be symbolic in the fall accident of the ceiling board of the Sasago tunnel in 2012. Although, various nondestructive test methods have been developed (Sansalone and Streett, 1997) , the detection accuracy of these inspection methods depend on the tester's skill. The following three methods are examined as a method of carrying out non-contact measurement from a long distance. The 1st method uses infrared rays, and that a measurement result is dependent on environmental temperature, and in applying heat actively, there is a problem that measurement takes time. The 2nd method uses a shock wave, the problems are that large-sized equipment is needed and the difficulty of continuation measurement (Mori et al., 2004) . And the 3rd method uses pulsed laser, however, there are problems of needing large electric power and safety (Shimada and Kotyaev, 2012) .
On the other hand, for the method using a sound wave generated by a loudspeaker (Kaito et al., 2000) , the equipment is not so expensive and continuous scanning is also easy. However, sufficient pressurization power in a commercial loudspeaker cannot be acquired at long distance (5m or more).
Therefore, the long distance non-contact acoustic inspection method using the same flexural resonance as the hammer method has been examined (Sugimoto et al., 2012 , Akamatsu et al., 2013 , Katakura et al., 2014 . This is the technique of having combined a scanning laser Doppler vibrometer (SLDV) and a long range acoustic device (LRAD). LRAD can generate sound pressure higher than 100 dB (ref. 20 Pa) at 10 m distance. Although the directivity of the LRAD itself are excellent in 1 kHz with ±15 degree, there are problems, such as angular dependence to the measuerment object and environmental noise to the circumference at the time of considering practical use. Then, the combination of a strong ultrasonic sound source and a single point LDV as the 2nd construction of the non-contact acoustic inspection method was examined.
The new composition of the non-contact acoustic inspection method
As the two composition of the non-contact acoustic inspection method, the conventional combination of SLDV and LRAD and the new combination of a single point LDV and a strong ultrasonic sound source (focusing type sound source) are shown in Fig.1 . By using a strong ultrasonic sound source, it becomes the situation of adding vibration with the narrow diameter of a sound beam, and can expect the improvement of angular dependence and the reduction of an environment noise. Moreover, by constituting so that laser light can be passed from the central part of a sound source, position adjustment of a sound source and laser becomes unnecessary, and improvement in the speed of measurement time can be expected. On the other hand, if a hole is made in the central part of a focusing type sound source, it will become disadvantageous in sound power. However, since an actually required hole diameter is about 40 mm (the diameter of the euphotic lens of a single point LDV), the ultrasonic element which cannot be arranged to the central part is about 12 pieces. Therefore, in order to be less than 1 % of the number of the required whole ultrasonic element, it is thought that influence on generating of required sound pressure is very small. Furthermore, since the influence by the direct wave and the reflective wave are reduced by arranging a single point LDV behind a sound source, highly precise measurement is possible. 3. Defect detection experiment using a strong ultrasonic sound source
About a strong ultrasonic sound source
The strong ultrasonic sound source with the inspection performance in a practical distance was made as shown in Fig.2 (diameter 600mm, focal distance 5m ). This sound source is constituted by 3200 ultrasonic elements with a resonance frequency of 40.35 kHz. In order to set the same axis as a sound wave and laser light, a hole 40 mm in diameter was opened in the center of the sound source. A single point LDV (Polytec Corp. OFV-505) is arranged in the back of the sound source. The audible sound wave is easily realizable by adding amplitude modulation to the ultrasonic wave which is a subcarrier (Westervelt, 1963, Yoneyama and Fujimoto, 1983) .
Sound pressure distribution in a focal plane
The sound pressure distribution characteristic of the auditory area in a strong ultrasonic wave sound source was measured using the measurement microphone (Ono Sokki Corp., MI-1432) which has sensitivity below in 10 kHz. The sound pressure distribution in a focal plane (5m) when generating the sound wave (1 kHz and 2 kHz) by a strong ultrasonic sound source is shown in Fig.3 . The change of frequency itself is easily realizable by adjusting the cycle of amplitude modulation. The half width of a focal region is about 30 cm. From this measurement result, the drive sound pressure of the maximum of about 120 dB was formed, and the characteristic independent of frequency which is the feature of an acoustic radiation force was also confirmed. 
Experiment using a concrete test piece
The inspection experiment was carried out using a 500 to 7100 Hz tone burst wave (pulse length:3 ms, pulse interval:100 ms, Frequency transition interval: 200 Hz) to the circular defective part (dia. 300 mm, depth 80 mm) and the healthy part (measurement distance was 5 m). The vibration velocity spectrum on a defective part and a healthy part by using a LRAD sound source and SLDV is shown in Fig.4 . From this figure, the influence of the resonance of the laser head of SLDV is confirmed in under 1 kHz at both a defective part and a healthy part. For comparison, the example of an experimental result when a strong ultrasonic sound source and single point LDV are used is shown in Fig.5 . From these figures, a clear resonance peak around 3 kHz can be observed, and also it turns out that the influence of the resonance of the laser head of SLDV disappears and the low frequency region (under 1 kHz) is also measurable by using a strong ultrasonic sound source and a single point LDV.
Conclusion
New composition of the non-contact acoustic inspection method using a strong ultrasonic sound source was proposed. We confirmed that the strong ultrasonic sound source can generate sufficient sound pressure for nondestructive investigation of concrete even with a 5m distance. Compared with LRAD, the influence of the resonance of the laser head of SLDV disappears and the low frequency region (under 1 kHz) is also measurable.
Therefore, it is expected that a strong ultrasonic sound source will occupy a very important position as a sound source of this method. In the future, a practical investigation system that will replace the hammer method will be developed. 
